Analysis of non-Newtonian fluids is still a topic of great interest. Scientists have stimulated in this field of research due to numerous applications of non-Newtonian fluids in pharmaceuticals, physiology, fiber technology, food products, coating of wires, crystal growth etc. Characteristics of non-Newtonian fluids cannot be described by a single constitutive relationship. Hence various models of non-Newtonain fluids have been proposed. Generally the non-Newtonian fluids are divided into three main types i.e., (i) Rate type (ii) Differential type and (iii) Integral type. Rate type fluids describe the behavior of relaxation and retardation times. Maxwell fluid is a subclass of rate type material which exhibits the behavior of relaxation time only. This model does not present the behavior of retardation time. Thus Jeffrey fluid model [1-5] is proposed to fill this void. Jeffrey fluid model characterizes the linear viscoelastic properties of fluids which has wide spread applications in the polymer industries. The characteristics of flow over a permeable and impermeable stretching surfaces attained lot of interest and inspiration of researchers and scientists due to its numerous applications in the advanced industrial and technological processes. Further such flows with heat and mass transfer are more significant since the quality of final product greatly depends upon the two factors (i) cooling liquid (ii) rate of stretching phenomenon. Applications of such phenomenon include chemical processing equipment, food-stuff processing, extrusion process, paper production, cooling of continuous strips or filaments, design of heat exchangers, wire and fiber coating. Researchers have explored the flow behavior due to stretching phenomenon in various directions. Freidoonimehr et al. [6] presented three dimensional rotating squeezing nanofluid flow in a channel with stretching wall. Mukhopadhyay [7] examined magnetohydrodynamic flow induced by a porous stretching sheet with slip effects and thermal radiation. Hayat et al.
Introduction
Analysis of non-Newtonian fluids is still a topic of great interest. Scientists have stimulated in this field of research due to numerous applications of non-Newtonian fluids in pharmaceuticals, physiology, fiber technology, food products, coating of wires, crystal growth etc. Characteristics of non-Newtonian fluids cannot be described by a single constitutive relationship. Hence various models of non-Newtonain fluids have been proposed. Generally the non-Newtonian fluids are divided into three main types i.e., (i) Rate type (ii) Differential type and (iii) Integral type. Rate type fluids describe the behavior of relaxation and retardation times. Maxwell fluid is a subclass of rate type material which exhibits the behavior of relaxation time only. This model does not present the behavior of retardation time. Thus Jeffrey fluid model [1] [2] [3] [4] [5] is proposed to fill this void. Jeffrey fluid model characterizes the linear viscoelastic properties of fluids which has wide spread applications in the polymer industries. The characteristics of flow over a permeable and impermeable stretching surfaces attained lot of interest and inspiration of researchers and scientists due to its numerous applications in the advanced industrial and technological processes. Further such flows with heat and mass transfer are more significant since the quality of final product greatly depends upon the two factors (i) cooling liquid (ii) rate of stretching phenomenon. Applications of such phenomenon include chemical processing equipment, food-stuff processing, extrusion process, paper production, cooling of continuous strips or filaments, design of heat exchangers, wire and fiber coating. Researchers have explored the flow behavior due to stretching phenomenon in various directions. Freidoonimehr et al. [6] presented three dimensional rotating squeezing nanofluid flow in a channel with stretching wall. Mukhopadhyay [7] examined magnetohydrodynamic flow induced by a porous stretching sheet with slip effects and thermal radiation. Hayat et al. [8] studied magnetohydrodynamic stagnation point flow of second grade fluid past a stretching cylinder. Three-dimensional magnetohydrodynamic flow of viscoelastic fluid past a stretching/shrinking surface with various physical effects was analyzed by Turkyilmazoglu [9] . Mukhopadhyay [10] investigated chemically reactive boundary layer flow past a stretching cylinder saturated with porous medium. Characteristics of heat and mass transfer in magnetohydrodynamic flow of viscous fluid over a stretching surface were explored by Sheikholeslami et al. [11] . In recent years the deposition of aerosol has a key role in the advanced technological processes. Explicitly the deposition of contaminant particle on the surface of final products has a pivotal role in the electronic industry. Mixed convection (which is a combination of natural and force convections) is one of the main factors which affects the particle deposition. Mixed convection flows appear in many natural, industrial and engineering processes. Such flows occur in drying of porous solid, nuclear reactors cooled during emergency shutdown, electronic devices cooled by fans, solar power collectors, flows in the atmosphere and ocean etc. Bhattacharyya et al. [12] analyzed slip effect in mixed convection flow past a vertical plate. Hayat et al. [13] studied melting heat transfer characteristics in the stagnation point flow of Maxwell fluid with mixed convection. MHD mixed convection flow of viscoelastic fluid past a porous stretching surface was examined by Turkyilmazoglu [14] . Double stratified mixed convection flow of micropolar fluid with chemical reaction was explored by Rashad et al. [15] . Rashidi et al. [16] studied radiative mixed convection flow of viscoelastic fluid over a porous wedge. Hayat et al. [17] presented three dimensional radiative mixed convection flow of viscoelastic fluid in the presence of convective boundary condition. Ellahi et al. [18] examined mixed convection boundary layer flow over a vertical slender cylinder. Singh and Makinde [19] explored slip effects in mixed convection flow of viscous fluid past a moving plate with free stream. Stratification is a phenomenon which plays a key role in many natural, engineering and industrial processes. It arises due to the variations in temperature and concentration or by combining the fluids of different densities. Such phenomenon includes thermal stratification in oceans and reserviors, heterogeneous mixtures in atmosphere, ground water reservoirs and energy storage. Concentration of the oxygen level becomes low in the lower bottom of the reservoirs due to biological processes. This difficulty can be handled with the implication of thermal stratification. Double stratified flow of nanofluid over a vertical plate was studied by Ibrahim and Makinde [20] . Hayat et al. [21] examined radiative flow of Jeffrey fluid past a stretching sheet with double stratification effects. Mukhopadhyay [22] presented thermally stratified magnetohydrodynamic flow induced by an exponentially stretching sheet. Influence of double stratification in MHD flow of micropolar fluid was examined by Srinivasacharya and Upendar [23] . Hayat et al. [24] studied the stagnation point flow of an Oldroyd-B fluid with thermally stratified medium. Literature survey indicates that most of the researchers examined the flow behavior of non-Newtonian fluids over the stretching sheet. It appears that the behavior of non-Newtonian fluids due to a stretching cylinder is not investigated widely. Therefore the objective of present analysis is to explore the characteristics of double stratified mixed convection flow of Jeffrey fluid past an inclined stretching cylinder. Heat and mass transfer is also considered. Temperature and concentration at the surface and away from cylinder are assumed variable. Convergent series solutions are developed by homotopy analysis method [25] [26] [27] [28] [29] [30] [31] . Behaviors of various pertinent parameters on the velocity, temperature and concentration distributions are shown graphically. Skin friction coefficient, Nusselt and Sherwood numbers are computed numerically for different involved parameters.
Mathematical modeling
We consider the steady and incompressible mixed convection flow of Jeffrey fluid past an inclined stretching cylinder. Flow analysis is carried out with double stratification and heat generation/absorption. Temperature and concentration at the surface of cylinder are assumed higher than the ambient fluid. Stretching velocity is due to two forces on the cylinder which are equal in magnitude but opposite in direction when origin is kept constant. The conservation laws after using the boundary layer approximations are given as follows: 
, 
(1) is identically satisfied while Eqs. (2) (3) (4) (5) are reduced as follows:
where  is the curvature parameter,  is the Deborah number in terms of retardation time, Gr is the Grashof number due to temperature, Gr  is the Grashof number due to concentration, These parameters are defined as follows:
Skin friction coefficient, local Nusselt and sherwood numbers are defined as follows: 
In dimensionless form these quantities can be expressed as follows:
is the local Reynolds number.
Series solutions
Homotopy analysis method was first proposed by Liao [23] in 1992 which is used for the construction of series solution of highly nonlinear problems. It is preferred over the other methods due to the following advantages. 
exp and
, and ,
are the arbitrary constants.
Convergence analysis
The series solutions by homotopy analysis method depend upon the auxiliary parameter . This auxiliary parameter provides us great freedom to adjust and control the convergence region of the series solutions. Therefore we have plotted the -curves at the 15 th order of approximations in the Figs. 
Results and Discussion
The main objective of this section is to explore the impacts of various parameters on the velocity, temperature and concentration distributions. S on velocity distribution is sketched in Fig. 11 . It is analyzed that the velocity and momentum boundary layer thickness decrease with an increase in thermal stratification parameter . S In fact convective potential between the surface of cylinder and ambient fluid decreases. Hence velocity profile decreases. Influence of curvature parameter  on the temperature profile is displayed in Fig. 12 .
Temperature profile decreases near the surface of cylinder and it increases away from the surface. Behavior of thermal stratification parameter S on the temperature distribution is sketched in Fig. 17 . Higher values of thermal stratification parameter reduce the temperature and thermal boundary layer thickness. This is due to the fact that the temperature difference gradually decreases between the surface of cylinder and ambient fluid which causes a reduction in the temperature profile. Effect of heat generation/absorption parameter  on temperate profile is shown in Fig. 18 . Both temperature and thermal boundary layer thickness increase when generation/absorption parameter  is increased. Here more heat is produced during the heat generation process which increases the temperature profile. Sc corresponds to lower mass diffusivity which results in the reduction of concentration profile. Characteristic of solutal stratification parameter P on concentration profile is displayed in Fig. 21 . Concentration profile decreases when solutal stratification parameter P is increased. Further it is also noted that concentration boundary layer thickness decreases. Figs. 22 and 23 show the impacts of various parameters on skin friction coefficient. It is analyzed that skin friction coefficient is higher for larger values of α, β and γ while it decreases with an increase in T  . Table 1 shows the convergence of series solutions for momentum, energy and concentration equations. It is noted that 26th order of approximation is sufficient for momentum equation and 28th order of approximation is sufficient for energy and concentration equations. Table 2 
Concluding remarks
Here we investigated the double stratified mixed convection flow of Jeffrey fluid induced by an impermeable inclined stretching cylinder. Heat transfer characteristics are explored with heat generation/absorption. The key points are summarized as follows:
 Velocity, temperature and concentration profiles increase for larger curvature parameter  away from the cylinder.  Thermal and solutal stratification parameters reduce the temperature and concentration respectively.  Velocity profile increases while temperature profile decreases when mixed convection parameter T  increases.
